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NATIONAT, ADVISORY COMMITIEE FOR ARRONAUTICS

TECHNICAI. NOTE HO. 1151

SIMMARY OF IEAG CEARACTERISIICS OF
PRACTICAT, -CONSTRUCTION WING SECTIORS

By Jobn H. Quinn, Jr.
STMMARY

The effects of seversl psrameters on the drag characteristics
of pracitlical-construction wing sect.ons have been considered and
evaluatsd. The effuctm consideved wers those of suxrface roughness,
surface waviness, compressive load, and de-icers. The date wers
cbtained from & number of tests :Ln the Langley two-di’nensiona.l _
low-turbulence tunnels. o ——

The section drag coefficients of practlcel-construction winge
in the "as-received" coud;.t%on were often as high as 0.0070 &t
Reynolds numbers of 20 x 10 When spar joints or surface unfairiess
occurred in a reglon of normally laminar flow, decreases in sectian
dreg coefficient up o 50 percent could be o'btamed_ by a combination
of surface finishing and fairing. In sohs caBes, nedily hal” this
improvement was due to betiter surface fairness. The drdg of smooth
wings with thick skin having spars placed at or behind the most
reerward position at whilch laminsr flow might be expedted approachbd.
that of fair and smocth airfails of corresponding sections. Some
quantitative data were cbitained wnd indicated the effocts of waves
in the leminar-flow region of smooth prectic aT-construu,t*on wings an
the Reynclds number at which prumature transition would occur.  For
Reynolds nmumbers up to 50 x 0%, & few cxemples are given of Burface
waves on NACA 6-series eirfoll secticns that did no% cause Tpremature
transiticn.

As a result of the comstruction irregularities existing on
wings as recelved from the msnufacturer, the differcnces in drag =~
usually associsted with airfoils of drffurent series were not obtained.
Combinations of glazing, painting, or minor refairing of the surfaces,
howsver, wers sufficient to prcduce secticn drag coefficients
spprosching those for fair and smooih airfoils of correspondjng gections i
£t Roynolds nwmbers up to approximately 20 X 10° i -

Loading a wing in compression until some slight perwanent set
of the ekin or rivets ococurrsd hed little or no adverse effect on the
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drag characteristics of two wing sections designed to retain thelir
true contours under loads ususlly encountered in flight. While the
wing was under load sufficlent to produce such deformation, however,
drag coefficients as high as 0.0060 were obteined at & Reynolds
nunber of epproximately 24 x 109 as compared with & value of 0.0045
for the unlozded wing at the same Reynolds numbor.

Alrfoil sections having thickness ratios of approximately
15 percent and equlpped with leeding-edge: de-icer boots wers found
to have section drag coefficlents of approximately 0.0070 at Reynolds
numbers between 10 x 10° and 32 x 1F. This value of the section
drag ccefficlent appeared to be independent of the airfoll section
upon which the de~lcer was mounted.

INTRODUCTION

Numsroua investigations of eirfoil sections built by various
practical -construction methods have been made in the Langley two-
dimensional low~-turbulence tunnels to determine the effects of
congtruction irrssularities on the asrodynamic characteristics of
the alrfoll sectlons that each nodsl represented. The results of tho
tests were useful in vstimating performance characteristics of the
airplane for which each installastion was bsing considered, but no
attempt was mede to correlate the serodynamilc characteristice of the
wing sections with the type of construction employed.

In the present paper the data obtalned from the tests have been
collected and enalyzed to find the effects of several parameters on
the drag characteristics of practical-constructlion wings. The effects
of surface roughness, surface wavinese, compressive load, and de-icers
were considered. The drag characteristics of the models, which repre-
sented both NACA 6- and 230-series airfoll sections, were obtained
for various surface conditions. These surface conditions generally
included the originel condition as recelved from the manufacturer and

a number of lmproved conditione obtained by glazing, sanding, painting,

or by a combination of these procosses. Surface-waviness measursments
were made more recently on several models and the drag and waviness
measuremsnts were correlated wherever possible.

SYMBOLS .
c alrfoll chord, feet
4 difference between gage realding on airfeoll surface and on

a flat plate, feet
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a/c waviness index

8 chordwise dighance along airfoil surfase from lecding edgs;
fest - : :

S soction drag coefficient

section 1lift cosfficient

cZi dosign section 1ift coeffieient

R Roynolds nurber besed on wing chord

g acceleration of gravity, feet por second per sesond

x distence along chord from leadlng edgu, fect

s) effective thickness of boundary layer; thickness to point
where velocity inside boundary layer is equal to 0.707 of
veloclty outsido boundary leyor, feet

R6 Reynolds number basoed on effoctiveo boundary -layer thickness

local velocity outside boundary layer, fect per secand
° frec-streum veloclty, feet per msecond

8 pressure coofficlent <?£%i§j%>

Ho freo-streom total pressure o

5 local static pressure el e

dy free-stream dynamic prccsure

MODELS

The models tested were built by practical-construction methods
and wsre of 3-foot span and fronm 6- to 8.33-foot chord. Chcrdwise
stiffuners, spanwise stiffeners, or combinations of ths two were
used. and the models were of the single-; double-, or triple-spar
type. Both NACA 230- and 6-series airfoil sections wers reprosented.
Explanations of the airfoil designations are included in reference 1.
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The original condition of the wing es received from the
manvfacturer and also the various ilmprovcd conditions are described
for sach model where date for the various surface finishes are
presented. These improved surface conditions were obiained by one
or move of the following finishing procedures:

Camouflage painted:! DPainted with synihetic-enamel camou-
flage paint giving a surface condition similar ito that obtainsd by
procedure 5 of reference 2.

Sanded: OSurface ssnded sufficiently o remove palnt specks
end other similar excrescences.

Glazed: ILocal defecta such as nicks, dimples around
rivets, and seans, fllled with pyroxylin putty end sanded smooth.

Pailntedt: Peinted with grey priﬁar surfacer and sanded
smooth with No. 320 carborunium psper. :

Faired: Modifications to surface either by extensive
epplication of pyroxylin putiy or rebullding to reduce the nuumber
and e8lze of larger surfacs irrcgularities.

In tho prescnt paper tho term “"roughness" ie used to denote
the presence of local nicks or scratches, opon seams due to chord-
wise or spanwise Jointg, dimples around rivets or screws, paint
specks, or other similar projections. The, term "weviness" is limited
to those wrinkles in the skin that present gentle deviabliona from a
fedr surface. A surface is considered Lo be serodynamicelly fair and
smooth when further decreasss in the amount of surface rougnness and
waviness produce no change in the acrodynasmic characteristics.

Doscriptions of the mpdels, a list of the swrface condltinras
studled, and an index to figures in which datae for the various
surface condltions are conlained are nresontod_in tahle I for the
models conaildered hexrein.

TEST METRODS

The tegts of the practical-construction wing models were made
in the Langley two-dimensional low-turbulence tunnel (designated LTT)
and in the Langley two-dimensiemnal low-turbulence pressurc tunnel
(designated TDT). These tunnels have test sections 3 feet wide

by 7% foot high and were deslgned to tect models complstely Bpanning
the Jet in two-dimensional flow. The turbulence level of thoeo
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tunnels awounts to only a fow hundredins of 1 percent and 1s
considerably below that at whlch mny effect is apparent on the
critical Reynolds number of & sphere. Tests in the TUT nay be mede
under pressures ranging fcom 1.7 to 150 pounds per _square inch
absolute; therefore,by incressing the tunnel pressuré higi Roynold.e
numbers may be obtained et relutively low Mach nwwmbeis. The Mach
number of the teste was in no case greater than 0.2. In these
tunnels, 1ift is measured by lateuyrating the pressures along the
floor and colling of the tummel test section and drag is mwasured by
the weke-survey method. Thie drey coefficients sre usually obtained v
at a sgpauwise position selected as a reproscntative gection of the_
wing from a number of spznwise surveys at a low 1ift coofficient. ’
More detailed descriptions of tho metlods ised in obtaining and
reducing data in these tunnels are containod in réference L.

Surface-waviness meansurements for the wind-tunnel models were
obtained with a standard Ames dial gage mounted on legs s’oaced.

3—'2 inches. The rezdings wero recluced to d.imensicmless fo:cm by

2% e

subtracting the rea,d_ing of the gage when pa.e.ced. on a flat surface
from the readings obtained with tie gsge In various positions along
the airfail surface and dividing the d.:Lfforonco by tne airfo_j_.l chord

RESULTS AND DISCUSSION

In the anslysig of the offects of surface roughmess and
waviness, the surfaces wers assumed ta hg sO arooth that the
differences observed between the mezsured drags and the drags of
feir and smooth models were yelated d.lrectly to the relstive exténts
of the laminar cnd turbulent boundsry loyeirs. The. effects of surface
roughness or wavincss on drag therefore cam be interproted essentially
a8 the effect of this roughness or waviness on the posltion of 't.he
transition from the laminer to the turbulent "loyer.

In order to derive an approximate relatiom between thoe section
drag coefficient end the position of transition, section drag coaf-
ficients have been calculated by the method of reference 3 for the
NACA 66(,535)-116 alrfoll section at a section 1if% coefficient of 0.1

and a Reynolds number of 20 X 108 for assumed positions of transition
ranging from O.1lc to Q.6c. (Soe fig. 1.) Those calculated values
have been unsed throughout the analysis when an estimate of tue
trensition point on NACA 6-series airfoils was reguired, since the
variation shown in figure 1 is thought to be reasonably repre-
sentative of the airfoll gectioms for which date are prosented horein.

The values of the cection drag coefficient found Tor transition
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at 0.50¢ or 0.60c are probably slightly higher than those of fair
and smooth NACA 65- or 6b6-ceries sirfolls, respectively, bocavss
at Reynolde numbers up to spproximsbtely 20 X 10 & transition would
probably occur slightly behind tiie minimum pressure point.

Effects of Surface Conditions

Surface roughness.- In the coneideration of the sffects of
surface roughness aon the drag characteristics of praciical-
construction wings, the separalte cffects of verious steps in the
finishing proceses have been determined. TPhotographe of models 1
to 6, which are NACA 6-serics sirioil geocllions, are presentod ns
figures 2 to 7. Ths drag characteristics of these modcels with
various surfaco conditions are prosonted in figure 8.

From figure 8(a) at a Reynolds number of 20 X 10° the
followins drag characteristics may be obbtadned for model 1L
2

(NACA 65(216)-3(16.5)(anprox. ) elrfoll section):
Step Surface condition c Perceritage
d improvement -
1 Original, camouflage painted; 0.0086 |-emmmmmmnae
discontinuity at front
epar (0.12¢)
2 Upper surface glazed over -0070 19
front-epar; lower suriacoe
glazed to front spar
3 Upper surface painted to .0058 33
0.7lc; lower surface :
painted to 0.l12c
4 Both sunfaces painted to 0.7lc| .0052 40

An irregularity consisting of a rathor large flat spot existed at
the front spar (2.126) on both surfacos in the original condition.
Thieg flat spot was detected by rocking a atraightedge over the
surfaces in a chordwise direction. The. large reduction in drag
obtained from stop 2 was prcbably due to a partlal fairing of tha
flat spot on the upper surfece. Transitlion moved dovmsiream but
8till cccurred forward of the minimuu pressure point as a result
of the flat spot. Local glezing (step 2) =nd painting the model |
surfaces (steps 3 and %) are not thought to alter the surface v
waviness appreciably but rather to eliminate local nicks, dimples,
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searnna, end scratchss. The final valus of the section drug coef-
ficient of 0.0032 cbiaiped with step U4 correspouds to Lransition
at appruximately G.k3c, or 0.07c shewad of the deesign positiom of
minimum pressure on an NACA 65-series ailrfoll section. Siace the
model surfaces after atep 4 werv smooth snd thy middle spar was
located at 0.45¢c, the remaining unfairness near the nose of tho
mwodeol appesroed to be responsgible for the premature trupsiticn.

The follcwing teble shows the improvemonts made an model 2
(NACA 66(215) 214 (approx.) airfoli sectlon) at a Reynolds nunber of
20 x 10°, as obtained From figure 8(b):

. Percentage
Step | Surface conditicn ca improvement

1 Original, unpainted 0.0070 | —cmvmemee

2 Glazed and painted 0055 | 21

3 Refaived - .0035 20

The drag was reduced 0 percent, althomgh a reduction of only

21 percent was cbtained by smoothing thre surfaces. In tho unpsinted
condition, the section drag coefficient of 0.0070 corresponds to
transitlion at epproximately 0.24c. Figure 3 shows that numercus
dimples ceused by the rivets existed in the sidn. These dimples
wore probably responsible for transition approxiuetely Q.1Cc zhead
of the front spar. Glazing and peinting the model reduced the _
section drag coefficient to 0.0055, or moved tr.usition to approxi- -
mately 0.40c. Transition at thia point wag probably dus to wunfair-
ness at the front anar. Pefairing the model evidently removed the.
irregularity at the front spar snd the cection drag coefficient

was reduced to the velue of 0.0035, or spproximately tie same as
that of a fair and smooth model of the samec section.

The drag characteristice of model 3 {NACA 66(215)-116 airfoil
section) are presented in figure 8{c) 1or e renge of Reynolds -
numbers and in the following table for & Reynolds number of 20 X 10

Y . Psrcentage
Step Burfada E:ond.ition Ca improvement
1 (Originel (bare-metal skin) | 0.0062 | ~-~-mv-naun-
2 (Glazed to spar Joint at
0.3Rc .0055 11
3 |Glazed and painted over :
spar Joint .00 29
L |Entire surface painted .00k2 32
5 [Partly refaired .GOLO 36
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The mection dreg coefficisnt of the model in tho original (bare-

metal) condition, 0.0052, coriesponds to rensition at approximetely .
0.32¢. Dunplss and local defects forward of the sper (fig, U)
prchably caused transition at that point. The glazing of tae
surfaces forward of the spar (step 2) wreduced the drag 1l percent;
the sectlon drag coefficient of 0.0055 coFfi'esponds to lransition

at about 0.40c. Glazing and painting over the spsar joint (atep 3)
ducroased the sectiom dreg coefficlent to 0.004%, or moved transition
to approximately 0.30c¢. Painting the entire model surfaces (step 4)
brought sbovt little furtiner improvemsnt. BSamus woaviness at the spar
Joint at 0.32c (teblo I) was probably resnmonsible for prometuro
trensition on model 3. Tho final sectlon drag Socfficient or 0.00k40,
however, shows that the wavineuss did not ocsuse premeture transition v
up to approximstsly 0.55¢c.

The dreg characteristics of model 4 [WACA 66(215)-116
((a = 1.0, o3, = 0.2 1
la = 0.6, cqy = -0.1f ]
and in the following table at a Reynolds nvmber of 20 X 10 :

alrfnil section | mre presented in Figure 8(4)

Step Surfecs condition Ga 15;;;232&&5?,
1 Original - peinted with | 0.0058 | -=-w-mmomae
zinc~chromats primsr ’
o Painted -0Ck0 =9
3 Glezed .0040 29 )

A total reduction in cection dreg coefficiont from 0.0056 to 0.00k40,
or 29 percent, wes obtalned by smoothing the model surfaces. The
sudden increase in sectlion drag coefficient at a Reynolds number

of 13 X lOG was thus climinsted, es shown in figuze 8(4). Rapid
increases in section drey coefficlent with Reynolds mumber, simller

tao that shown, are ususlly ussoclated with surface roughmesg. Local
nicks or depressiong ncar the rivets proba.'gly cauged promature
transition at a Reynolds number of 13 X 10~ in the wnpainted condition
but were not large enough to cause premature transition st lower -
. Eeynolds numbers. The flush riveting on this modol wes unususlly

smooth. The final section drag coefficient of 0.0040 1s higher
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than thet of a fair and smooth NACA 56-geries airfoil section.
Because the spar on this riodel wes located at 0.00c¢ (table I),

v waviness at the spar Joint was not likely to be responsible for this
discrepancy. Deviations from true contour in both the chordwise end
spenwlise directions, as shown in figure 5, therefore, were probably
respongible for the slightly hign drzgs in the finished condition.

The section drag coefficient of 0.0037 for modsl 5

@ACA 66(215)-116 {42 = 2.0, ¢34 = 0.2 ] airfoll section] found
a=0.6, eyy = -0.17

et R =20 X 10° (fig. 8(e)) is nesrly the seme a3 that of s Pair
and smooth 66-peries section, and comsequently little or no improve-
ment was mpde by painting and sending. The spar location at 0.60c,
combined with the use of a thick skin (tsble I), probably made
pogsible the reellzation of low-dreg characterlistics to higher
Reynolds nunbers then have been found with most modele having spars
located farthor forweard.

]

Variations of svction drag coefficicont with surfaco condition
for model 6 (NACA 66(215)-116 airfoll section) arc shown in the
following teble at a Roynolds number of 20 X 10°, as obteined from
figure 8(f):

- Poi‘centago
Step Suxrfaco condition Ca tmprovemont.
1 | Original ~ coverod with fab-{0.0066|-wwmeuauamo
ric surfacer

2 | Fabric suriacer sanded .0060 9

3 | SmxTacoer removed 0072 -9

L 1 Glazod up to 0.15¢ .0072 -9

5 | Glazod up to 0.45¢ .0066 0

No large dscreases in ssction drag coefficiont wore cbtained by
improving the surfr.ce finish of model 6. In the best condition,
that is, with febric surfaccr sanied, transition probably occurred
at approzimately 0.35¢, or 0.25c zbead of the design positian cf
minimm pre’seure. The surface ratoricl, whica comsiztod of fabric
doped to the metal skin, evidsntly macked ccnsiderable unfuirness,
for in thc bere-metal condition tho drag was 9 porcont higiher than
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that for the model in the original condition. The drag coef-

ficlent of 0.0072 for steps 3 and 4 would carrespond to transition
st approximately 0.2lc. Glazing to the reer spar (step 5) resulted
in a section drag coefficlent that would correspond to transition at
about 0.28c. The model suifaces in this case were very smooth; the
extreme surface waviness of model 6 thersfore, was probably responsi-
ble for the high secilon dreg coofficients.

The preceding oheervations of the decrsase in drag causcd by
improving the surface finish end fajrnesp of practical-constrvction
wings at e Reynolds number of 20 X 10° are summarized in the Following
statements: When aspar Joints or similar surface jrregularities
occurred in a region of normally laminur flow, the section drag coef-
ficlents of several NACA 6-series airfoil sections as received from
the manufecturer ranged from 0.0062 to 0,0036. A combination of
Improvement 1n surface smootnness and fajlrness obitained by glazing,
painting, or minor refairing reduced thoso section drag cocfficients
by an amount renging from 0.0022 to 0.0035, depending upon the value
of the original drags. Tests of two modele having thick skins and
gpars placed at or behind the most rearward position at which laminar
flow might be expected ylolded section drag coefficients very close
to those of fair end smooth airfolls of corresponding sections.
Elimination of minor surface roughness by local glazing and painting
helped to maintain these values of the section drag ccéfficient over
a rather large range of Reynolds nunber. Glazing and painting thege
models did not, however, eliminete the adverse offvcts of surface
unfairness or waviness vhore it existed, although the sevority of
thesc effects was usually leseened. '

Surface wavinese.- In the consilderation of the effects of
surface waviness on the dreg characteristics of airfoll sections,
the effects of roughness have been oliminatod by using data for
smooth modeols only. The typee of waviness invaostlgated were thoso
aggociated with short-wave-length wrinkles in the atlrfoil skin and
with deviations from btrue contour over a large part of the chord.
The wrinkles, or waves, were dctoctoed by pessing e surface gago over
the airfoll surface to obtain the waviness index d/c¢  at & number
of chordwise locations. -Any deviation from a fair curve in the plot
of weviness Index apainst chordwiso position ie en Indication of a
surface wave, although the waviness index does not glve directly
either the length or magnitude of the wave. When the spacing of the
loge of the gugo 15 approximately a camstent frection of tho airfoil
chord, however, the deviation of the chordwise verlation of the
wavinese Index from a fair curve 1s a satisfactory means of comparing
the relative waviness on differont airfoil models. Deviations from
true alrfoil contour over a lerge part of the ailrfoil chord wors
investligated in one case by checking the model contour with a templet.
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Feoler goges inserted between the templet and the airfoll surface
were used. to measure the deviation £from theo true contour. '

The surface waviness on two mcdels was reduced beyond the
point whoere an effect on drag wae noticeable. The two models were
model 7 (the NACA 66(o15)-114 airfoil section) and model 38 {the

NACA 66(2x15)-116 airfoil section). The drag characteristics of
models 7 and 8 could then be compasred with those of other smooth
models of similar sirfoil section to dstermine whother the drag
characteristics of the othar models were adversely affected by
surface waviness and, if so, to what extent.

A photograph of model T io presented as Ligure 9. Ths drag
characteristics of this model with two conditions of surface waviness
are presonted in figure 10, and the wavinoss measurements for the
two surface conditions aire presented in figure 117 Almost no
difference was found in the drag charecteristics with the two
waviness conditions, althoush insnoction of figure 11 shows that In
the faired condition the model suifaces were considerably more Fair
then in the "as-roceived"” condition. Because a marked reduction in
the surface waviness thus had no appsrent offect on the dreg character-
lstics of model T, 1t was thought that transition probaebly moves
foiward a8 the Reynolds number incresses oven if no waves exist. In
ordor to investigate the possibility of this phencmona, dreg coef-
Ticionte wero calculated for seoveoral ILicynolds numbers by the method
of reforenco 3. For theso calculations it was assumed that transition
would occur at a constent value of Ry (Reynolds number based on the
effective boundary-layer thickness) unless the particular value
of Ry chosen occurred hehind the position of minimum pressurs.
Estimation of the transition point in an adverse pressurs gradi ent is
rather involved and wes not considercd of sufficient intercst in the
presenl vaper to be included, The position of tramsition wae eabimated
for several assumed values of Rg botween G500 and 8500 by use of the
following equation obtained from refurence Ut

Re2 : UNT LT 8.17
% %) f (57 e
x 0 o

The use of a comstant value of Ry of 8000 was found to provide

the boot over-all agreement betwoen tune calculated and eXporimental
goection drag covfficients. Although the calculoted-drag and
cxporimontal-drag curves of fiwrc 10 do not ag:r:eo vory closely at
Rejriolds numbers betwecn 20 X 10° and 30 x 10° s the sottion dreg coef-
ficiente obtained exporimcntally and theoretlcally arvo in good
agrooment for Roynolde numbors botwoon 30 X 10f and 50 X 108. At

Reynolds numbers botweon 20 X 106 and 30 X 10%, the highor drags of
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the oxoerimental weeul®s couvld heve been caused by very amall
particlen of lint and duet adhering to tie airfoil surface. The
model surfaces worve partly painted end glezoed and partly barc metal
for the faired condition. In the psst, unpolished metal esurfaces

have often been found to present groater difficnlties -in elindi-
nating dust and othe: periticlos than do uigh-glose or polished
surfaces. An accumdetion of small dust particles could bring ebout
amall disturbances in the lesunar-flow layer thet would produce slight
premature forwerd moveuwsnte of transition.

Although the value of Ry of 3000 wes obtiined by trial end
erroy in an attempt to obtnin correlaticn betwson the experimental
and calculsted curves, reforence 4 indicated that under one set of
conditions trensition wee found to occur on an airplsne wing in
flight at values of Rz botween 8000 end 9300.

Drag-scale-effect curves were also pbtained for modol 8 (the
NACA 66(2715)-116 =nirfoil secticn) undbr iwo conditicns of eurf:ce
waviness. A oihotcgroph of tale modeol is presented as fijure 12, )
dreg characterisitica are mreponted in Figurs 13, and wevineas
mogsurements cre prosented in figura 1Lh.. With the sirfoil czmouflege-
poainted and sandoed, coneiderchle wuviness existed near the fromt espar
located &t 0.35¢ (fig. 14). A reduction in waviness =% tiat point
had a very small effoct on the drag eharwctorietics, bringing sbout
a reduction in section drag cosfficlent of approximately 0.0002 at

Reynolds numbers between 30 X 10% and “0.X 10€ (fig. 13). In the
fuired condition, the model suriaces word approximately s fair as
it was practically feasible to mcke taom. Calculated drag curves
for critical velues of Ry of 5000, 3300, and 9000 are presonted,
together wlth exmerimentnl date, in figure 13. Veryr good agreoment
was obtained. betwsen the oxporimental velues zmd the celonlated
values for Ry == 9000. ; .

Because 1t was voseible to calculatéd for model 8 both tine velue
of the Reynolds numbur. et which minimum drag occurred and the value
of the gecvion dreg coefficients at aigh Reynolds numbors, it appears
that it 18 possible to suproximate the drag-gcale-effect curve for a
empoth and falr airfoil by assuming thet transition occcurs at a
critical value of Rs Dbotweon 8000 and 9000 wion it does not occur
as a result of reveraal In the presouyro &radiont. Because reductions
in the amount of surfacc waviness browght about little messurable
change in section drug coefficient, the waviness existing on either
model 7 or model 8 did not appear to be suificlently great to affect
the drag characteristics of thesme airfoils ut loast at Reynolds

nuwibers betwoen 30 X 10€ und 50 X 10°. '
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The drag characteristics of a mumber of smooth NACA 6-series
prectical-construction sirfcoll sections were compared wita those of
models 7 end 8. Any models. for which the drag coefficients fell in
the rengo between the dreg coefficients for models 7 and 8, which
have been shown to be free of harmful waviness, could also be
considered reasongbly free of harmful weviness. Any wmodel for which
tus drag coefficients were greater than those of modsl T, on the N
other hand, wers thougnt to have sufficient waviness to induce
premature transition.

A pliotograph of model 11, the IIACA 65,2-115 airfoil section, is
presontcd as figure 15, end the drag characteriqtics of models S, 6,
7, 8, 9 (tuo FACA 65(215)-(1.25)16), 10 (the NACA 66,2-115), and 11
(the FACA 66,2-115) are prosented in figure 16. The waviness - '
mezsurements for models 5, 6, G, 10, end 31 are presented in figure _17.

With the cxception of model 6 all the airfoils for which Arta
are nrecented in figura 16 had the seme value of minirmm section
dreg coafficient. The drag-sctals-effect curve for model £ rose above
thzt for model T at a Reynolds nrmber of 24 X 108. Fic;urp 17(a)
shows that model 5 uad rathor large waves hear the leading edgo on
both surfaces. Waves ncar the louding edge thai produce variations
in the wevinoss index similar to the varistions shown in figvre 17(s)
can he consldorsd roprosentative of thoce thet would hove an adverse
offoct on the position of transition, at least for Reynolds numbers
botwouen 24 X 10 and 32 X 10%. The dreg-scale-cffoct curves for
modols 5 emd 10 fell hetwoen those for models 7 end 3. The wavos
oxisting on models 9 and 10 were probzbly not safficiently lerge to
cause prematurs transition over tho Reynolds number rangs for which
deta were obtalnod. The waviness data for medels 9 and 10 presented
in figures 17(b) and 17(c)}, reepectively, givo oxemples of por-
missible wavinose if promaturc transition ie to beo avolded up to
Roynolds numbersof et loast 35 X 107 and 20 X 108, regpectively.
The scction drag coefficients of medel 11 {zig. 18) wore greator
then tiose of model 7 at Roynolds numbers sbove 16 X 10°. Figure 17(d)
shows that waves existing on mecdel 11 produced s mmber of large
variztions 1n the wwviness index. Such wavinezs mey be 'ccznsid.e“ed a8
reprecentative of thet which will caus- premature trc.nsitlon, at lecast
for Reynolds numbers between 16 X 10€ uad 20 X 108. The section drag
coefricients of model 6 are extromely high as coupered with those of
the other models for which data are prusented in Pigure 16. The
extrome waviness of this model as shown in figure 17(o) presents an

ozample of wavinoss sufficiently severe to cause prema‘“ure transii;* on,
at loast for Reynolds numbera above B X 10%, It may be noted in
table I that model © wns constructed with spamﬁse nat-ssction
ctiffeners, the flanges of which were rather heavy with respect to
“he sirfoil skin. Ths olber modele for whicu data are resented in
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figure 16 were constructed with chordwise stiffeners. Somewhat
greater difficulty may be experienced in comstructing asirfoilis with
fair cantours when spanwise stiffeners that are heavy with respsct
1o the airfoll skin are used.

Photographs of model 12 (the NACA 23015 (approx.) airfoil
section) and model 13 {the NACA 23016 airfoil section) are
presented as figures 18 apd 19, respectively. The variation of
section draeg coefficlent with Reynolds number Ffor these two models
is presented in flgure 20 and the waviness measurements are pre-
sented In flgure 21. . -

The lower drag of the two models was obtained with model 12,
which had a section drag coefficlent of (.0057 at a Reynolds number
of .20 x 10° (fig. 20). A fair and smooth NACA 230-series airfoil
would probably have approximately the same sectlion drag coefflclent
as model 12, at least up to Reynolds numbers of approximately
20 x 10%. The waviness existing on model 12 (fig. 21(a)) in the
region where laminar flow might ordinarily be sxpected, thet is,
up to approximately 0.12¢ on the upver surface and 0.20c on the
lower surface, evidently had no adverse dffscts on the drag of this
.model up to Reynolds mumbers of avproximgtely 20 X 10%. Because
the waviness characteristice of mwodsls 12 and 13 were similar as
far back from the leading sdge as approximately 0.40c (figs. 21{a)
and 21(b)), the waves existing on modsl 13 in the laminar~flow
region also probably had littls effect on the drag characteristics.
The extreme waviness of model 13 behind the O.UOc position was
probably due to the very thin skin of this model (table I). Thse
skin wes known to. vibrate considerably during the drag tests. It
ls possible, therefore, that such vibration was responsible for the
fact that model 13 had generally higher drags than model 12.

An exempls of a model that shows the effect of deviation from
true alrfoil contour over-a large part of the chord is model &, for
which drag data are presented in filgure 22 and surface unfairness
(deviation from true contour) and pressurg-distribution measurements
are presented in figure 23. The effect .¥ deviation from contour
(fig. 23(a)) on the pressure distribution was to increase the
velocities over the first 50 percent—chord above the theoretical
velocities and to move the minimum pressure point from 0.60c to
approximately 0.50c (fig. 23(b)). A camparison of the drag charac~
teristics of model L4 with those of model 7 (fig. 22) shows that the
deviations from contour had little effect on the drag of mcdel 4 at

Reynolds numbers below 26 x 10° but at Reynolds numbers greater then

26 x 10°% the drag of model 4 tended to be greater than that of
model T.
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Comparison of NACA &- snd 230-sgries airfoil gection.=- In order
to determine whether the relative merits of airfoil sections of

differsnt series are masked by construction dsfects, the drag
characteristics of seversl NACA 6- and 230-series airfoll sections
have been compared.

Drag data are presented in figures 24 for models 2, 8, 12, and 13.
Figurse 24(=g) shows little difforence in the section drag coefficic—ts
of the NACA 66(215)-214 (approx.) and 23016 airfoil secticne in the
original conditioms, although the drag of the NACA 66(215)-21k (epprox.)
airfoil section is much lower than that of the NACA 23016 airfoil
section in the finished condition. Comparison of the drags of the
NACA 66(2x15)-116 and 23015 (approx.) airfoil sectimne in figure 2k(b)
shows appreciable difference in drag of the models in the original
condition but a much greatsr difference in the smooth condition. From
these data the differences in drag associatcd with smooth NACA 230-
and 6-series airfoil sectione, as constructed, appear to be considembly
reduced if not entirely mesked.

ison of dra a e actical -cons chicn
wing modsl.- A comparison has been made in figure 25 of the drag
characteristics of a smooth practical-construction wing model having
the NACA 66(215)-214 (epprox.) airfoil section and a smcoth test pemel
of en airplene wing having the NACA 66(215)-2(1k.7) airfoil section.
The airplane wing panel had been carefully faired to eliminato any
Protuberances or wavinese due to wing Joints or accoss doors. Both
the airfolls used had NACA 66-series sections with thilckness ratios of
approximately O.1kL. ' S

In figure 25 at section lift coefficients below 0.3, thse
practical ~construction wing model had lower drag then the airplons
ving panel; whereas,at higher section 1i1ft coofficlents the reverse
was truc. Since data for the airplane wing were obteined in flight,
it 1s difficult to determine whether the higher drags associated with
the airplans wing wsie due o buckling under load at the time thsat
the data were obtained. It is pussiblv, however, thet waviness on
the alrviene wing existed relatively Par beck on the wing surface,
and the adverse effects of such waviness were noticcable only at the
lower secction 1ift coefficisnts. Furthermors, similer waviness that
was not large enough to cause premature transition under the favorable
pressure gradient existing et the low section 1ift coefficients might
have existed closer to the leading cdgw of the NACA 66(215) -1k (approx.)
airfoll sectlon bubt, under a less favordblé pressure gradient at section
1ift coofficients above 0.3, such waviness might well have rosulted
in premeture transition.



16 NACE TR No. 1151

Affects of Coarwressive Load and Dec-Icers

Effoct. of carpressive lead.- The ofloct of deformatlan, or
waviness, of the wing altn in fligant prosonts a furti:or obetrvctlon
to thie realization of tie deslign dros characleristics of aivfeil
gections. TFor t.is reason Two wing parels, modols 9 and 1k,
canstructed at tue La.t:gw'* Leboratory of tre FACGA (relerence 5),

wore deolemed ta reteln their truc combour under losds ordincrily
sncomrtered in flipinh, Tae drag cumrvacteristics of thoss sections

were mesasured hefors being subjested to:compressive loasd. Com-
presaive loed wos then alternately m_m_.icd snd removed, each
succesglive load excoodiyy the lact, wmitil gomo Tailurae of the wing
was detoctod: Wit: bobh wirgs. iceal slippage of tie rivet hoads
o> crusiring of the skin sround the rivets corpriesd the solo
pormunont defarmation of the modols. Tis ding clhiaracteristics of
the madels were then delsriined asgain. For g third airfoll modsl,
model. 15, whick was canstructed by ¢ mmmfecturcr, the dreg waas
measured while commpreselve load wse bolnz epplisd.

Photographs of modol h (the FACA 66(215)-(1.25)156 airfoll
poction) and.model 15 {tho LACA 65(216)-015 (npprcr Yairfoil
section) are presonted os fig‘lros 256 and 27, respoctivoly. Tho
dvag characteristice of modols @, 1k, and 15 sro prosoniod in
figure 20. With the excepiion of tr\c gtisfonor gpaciag botwoon
ppers, modols 9 and 1% wers identical (table I). Thoso models were
unnainteﬁ but ware glazed locally at the fion sper aml ovar the
rivet hesds. Insnccebion of Tiguras 28(a) and "’8{ } shows that tho
drveg coofficients for theso o modols at Ecyiclds numbors above
20 X 108 wore oomowhat lower for tho efter-loading ccndlticn than
foe tho bofaro-loading conditicn. VWoon:the modol surfrccs wero
ciccncd and resrinished aftor bolure subleohed Yo tne camprossive
losds, the medels wore probisbly mado smootieor tnan for tno asro-~
dynamia toste conducted before tneo comprodsivo loads woro eppliod.
The sllght protubsrences of the rivot heads caused by the commrassive
locds, wowever, were not removed by tie finishing procesa. On the
basle of these two tosts, the type of censiructlon emplcyed appeared
sur'Ticiently good to sllcw realization of the soction drag coefficients
usuclly associeted with RACA d&b-series alrfoil scctions at Reynolds
numbers up to epprozimataly 30 X 106, Tn addi tion, medel ¢, with
stiffeners spaced 3 inches on centers =2ippared to offer no particuler
aerodynanic advantage over model 1k, with atiffeners spaced 6 inches
on centeis; esnd tie adverse effects of the comprosaive losds appsosarcd
to bes go small that toese effects were ccnnplefel., mxsknd by slight
improvements in surface finish.

Model 15, dssigned for the wing of 2 fightor bomber, was
gubJected to oqmpresaivo loeds up to & leo=d thet wvas thought to
correppond to a load of 1.5g for tkhe airplanoa. Theﬂe loads were
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applied.by a hydraulic Jack mounted within the wing, which was
Pixed in the tumnel. Tigwrs 23(c) shows that with the model under
o load sufficient to produce elight waviness (1.0g) little or no
effect on the drag was Ffound, but that with the model vnier a
load great enough to produce some permanent deformation of the
skin (1.5g) waves existed that were sorlous enourh to bring sbout
a sharp increzse in drag st a Reynolds mmber of 20 X 108,

For the cesges Just considered, slight permanent set in the skin
or rivets of the wings cauced by compressive loads had little or no
effect on the dreg characteristics. While tie wing wes expsriencing
loa.d. sufficient to preduce such deformatlon, however, the drag
charcctoristics wers adveresly affascted to a conslidersble exbsnt.

Effecta of de-icors.- Dzia gre presented in figure 29 for two
airfoil models equivwped with leading-edge de-icer boots. These boots
consisbod of rubber sucets atiashed to the wing surfzce and were
tepered to a fine edge on the upper end lower suvfaces of the alr- :
foil et the point whaers tliey faired into the wing contour. S -

A 0.075c de-icer boot on tho leading edge of model 15 (ths
NACA 6‘5(216) 215 (approx.)uirvoil section) coused o scction-drag-
coer<icient increment smounting to 0.0025 or 0.0030 (fig. 29(a}), -
whercas a gimilar 0.15¢c de-icer boot caused increments of apnroximately
0.0040. A 0.30c ds-icer boot on model 12 (the NACA 23015 (approx.)
airfoil ssction) caused sectiom-drag-coefficient incremcntis of aporoxl~
mately 0.0010 (fig. £29(b)}). The total section drag coefficients of
the NACA 6-sories with the 0.075¢ de-icer boot and the RAiACL 23015 air-

foll with the 0.10¢ sirfoil de-icer boot were approximately 0.0070 &b
Reynolds numbers between 10 X 108 and 32 X 106, wheroas the drag of
the NACA 6-peries airfoil with the G.15¢ de-icer boot was somewheb
greater, &t lesst at Reynolds numbers up to 10 X 10%. It would appear,
then, that not only ars the drage of airfoll sections increased
considerebly by the adidltion of icading-edge de-icer hoote but thal
the difforonces in draz usuvally associsted with aixfoll sections of
difforent series are masked, at lcast for thiclmess ratios of approxi-~
mately 15 percent.

CONCIUSIONS

Fran the analysls of the drag charecteristics of practicel-
construction wings, quantitative datae worc cbtained tiwat Indicated
the sizo, number, end locationg of surfece waves sufficiont to induce
premature transition at Reynolds numbors groater then 9 X 108, st
Roynolds numbers groater then 16 X 10% ,» at Reynolds numbors greater



1.8 . FLCA TH No. 1151

then 24 X 108, end for weves ihat did not bring sbout premature
+ransltion, at lesot fer Reynolds nunléis up 5o approximately
50 X 108, In additien » the following conclusions wers obteined:

1. Vhen gpar Jointe or similar surfaco discontinunities occurred
in & region of normally lsminar Jlow, the aection drag coefficlents
of seoveral practicel-consiruction wings in tho “as-rocolved”
condition ranged from 0,00%% to 0.C006. Tuprovement in surface
suoothness end decrosse of surface waviness at tac epar Joint often
decreased the sectlicn dxeg coafficlients by en smount renging from
0.0022 to 0.0035, depaniing upon the magnitude of surface rougimoss
ené wavinocgg 1in the =g-racelved cmdi*cjon In same c=s5e8 noLrly
half tho dochsase in drag ecedflcient was associnted with decroases
in surface waviness. : .

2. Smooth prictical-conswuction modols with relatively leavy
skin and with the spur Joint placdd et’ov behind tho moet rsorward
position at which lavdndr flovw miaht be sxpoctod yleliéod drag coefl-~
i'leientns thet closcly surroschod *thore of o faly and smooth alsloll
sscuion.

vaciation of section-drag cocfficient with Roynolds punber, at
1ou6t botween Reynolds mrmbers of 30X 10% and 50 X 108, for ‘wo
smooth NACA €-sorics eirfoll models om Walch the cu-face wviness
hiad been :mmecl beyond the polnt waera an efi'cc‘-.: wag noticczblo on
dreg. It wes assumod for tha calculidticns that troansftion ocourrcd
st a value of the Rornaldo nidbexr buased on tho bcunaarv-l&.,yor thick-
nuee Ry botweoen 8000 and €000, if trensiticn éid not occar a‘.. 2
rogult of an unfovorable prosgure gredicnt. Soms cxisting fligh
rogsurercnts of boundsry-leyasr treneltion et moderasicly high Bc;molds
nunbers indiceted thzt this range of valu.os of Ry wap within that
Tound in flignt. ' T h

2. It was possible to cslculats with reescneble accurscy the

L. Tho improvemont in suriace erocthnoess end wavinoss brousght
ebout by glazing, painting, and minor refairing wasg in most ceaoss
sufficiont to reducc +tihe dregs of unfinishod aract_..ca_l-const:uc tion
wings to values clcaoly epproaching thobs for & Teir apd smooth air-
Toil model of corrveponding section, at lzms*' at Peoynolds pumbors up

to approximately 20 X 108,

5. Tho differences in drep usually associated with ailrfoil
seations of difforent scries, if nobt entircly maa}_ecl, werc conflder-
ably raduced by coanstruction irregularitios. . -

. Slight pormencnt set of the wing ckin or rivets czusod. oy
merGBB"V'O louds producsd lfttlo or mo!edversc vffoct oan the drag



NACA TN No. 1151 19

cheracteristics of two wing sections designed to retailn true contours
under loads ususlly encountered in flight. Whilo the wing was o
experiencing load gufficient to produce such deformation, however,
the drag of the wing was considerebly higher than the drag of the
uwnloaded wing.

T. Airfoil sections having thickness ratios of approximately
15 percent and equipped with de-icer Yboots on the leading edge had
section drag coefficients ofsapproximateg.y 0.0070 over a range of
Rsynolds number from 10 x 10~ to 32 x 10, Thie value of the scction
dreg coefficient, furthermors, scemed to be independent of the air-
foil section upon which the boot was mounted.

Lengley Memorial Aeransutical Laboratory
National Advigory Commnittse for Aeronautics
Langley Field, Va., July 11, 1946
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THHE I.~ HOIEL DATA AND DESCHIPTIORS

Hodel HACA Meppfacwner | Chard Cond tHon Figme Photograph Modsl. dsseription
sirfoll section {in.)
1 63(216)-3(16.9) A 100 Bere wetnl 2 Bpavs at 0.12c, 0.4%¢, and 0.Tla, Chordwise
(approx.) Original, camon~ 8(a) [-stringsrs anl spewiss 7 -stringsra on upper
flage pedmbed . murface; chordwise [ ~wtFingers oo lowsr sunfmos.
Sendnd B(ag E-utmgar-ooaammﬂkmmmw
fdazed to 0.)20 8(a god 0.048 inch thick on lower surfads.
Upper mnfece glezad Z -stringera 0.107 inch thiok, Hkin of
I bohind 0.120 B(a) 0,09%-1nok thickness fastemed to spars with
Imomfws mlazod Phillips hood sorews. Comntarsunk rivets.
‘o 0.120
Tpper mrface painted
to 0.Tlc 8(a) .
I} Lowsr surfaca paintsd
to 0.12¢
Both sorfaces palrted. 8(a)
t0 0.Tlo
2 66(21%3)~21k B 81 | Bave wetml 8(n}, eh(a) 3 Byara at 0,350 and 0,705, Matal skin fastapad
{approx.) Glated and peinted B(b) with flush-type rivets,
8(v), eMa),
23
3 66(215)-116 [V 8.9 Origlnal, bere B(s) 1 Binglo epar at 0,326, Allumstel skin.
mebal
Glaesd to 0,320 e)
Paintad to 0,320 o;
Gluzed md painted (Y
Bahind 0.32¢
Painted all ovey Bio;
Painted and partly 8(c
refoired "
Y 56(215)-116 D 8 Original, paintsd 8(a) 5ingls mpar just behind 3.60c. Skin of 0.125-inch
&=1.0,r7, 0.2, with sinos thicknees farverd. of epar shiffensd oo each mm-
{e-o-ﬁ, o1, =-0. chrconte prixer {800 With ana chortwise flush-riveted stiffensr.
. Pajmited 8(a) 5 Rivotod joint at lsading edge,
. Glazed, &a), 22, 23
= ﬁé(aw)-uo D 85 Original, painted (e}, 16, 3 Bema a8 model. b,
4:»-1 g, 011-0-21 :I.mih !Eu- 17(a) -
Q) Q). =0 ronnts porimey
h Paintad snd plazad 8(e)
. - Originel, oorered 8(£) Spavs at 0.1% cod 0%, One  J-stiffenss at
¢ S4(z)-n6 ¢ we with :I.'r:h'.lo 0.0ho af 0.08-inoh thickneas. Bpenwise
Lr L[—stiffenery 0.047 inch thick 0.0% m
Bandod, Br} centara botwosn epara. Bkin 0. 05 Inch thick wp
Bare metal to 0.4%. Ribs from rear spar to treiling edus.
Glazed to 0.15¢ a(r ( ’
l
N Olazed o Q.4% I T
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TABIE Y.~ HOTHL DATA AND IESCHIPEI(ES ~ Comoluded

Model NACA Chard, Copdition Fizre Photogreph Model description
alrfoll section {in.)
T 66(215)'”'-"' 8 AR received, bare 10, 11 9 Spare et 0.081e, 0.3730, 0.688c. Behind front epar
metal surfaces BH.an.G‘DiMhthick,bmllt@oij-imh
Both sarfacea 10, 11, 16, bales sendvichod betwsen durslumin shoets. Skin
Taired oo Grole-weldsd to internal structure. Pert of
the alrfoll sheed of the front spar formed of
0.125-inch dwralumin aheot.
8 66(ex5)-116 9.2 Camontlags 13, 4, 16 12 Movawiss seam to 0.8c, Chordwise row of riveta
paioted fram leading edge to trailing edgs. Bpar at
(rigioel, bare 24(b) 0,%%c with forwrd part fastensd by comter-
mebal sunk Philiipe head screws.
Glazed 1o O.7c 2k(p) )
Fatred 13, b
9 | 66{213)-(1.25)16 72 | clasea 16, 17(p), -~ |Spers ot 0.15% and 0.T2c. Soldd eud ribe, false
. . 26(a) nofe apd tell ribe speaced at E-Inch intervals.
Chartrise bat-eection stiffemors spaced at
DAk Antarmmaloc m %1-_"
10 66,2.115 8 Cemoutlege 18, 3(e) - Bpers at 0,125¢c and 0.585c. SKkin 0.067 inch thick,
painted Chordwine atiffenars botween spars wiuh false
nose and tall ribe. Spoi~welded constrhction.
1 66,2-115% 80 18, 17(4) 15 Sexs 28 model 10 sxcept flush-riveted constructiom.
paintald
12 23015 (spprox. )} 100 Camontiage eo,al(az, Spera at 0.1050 and 0.605¢. Skin 0.066 lich thick.
padmted 24(d), 29(v) Speqvipe | ~gtiffenors shead of fromt mper
Originnl, bare ahfh) 0.056 inch thick. Meta) skin fastansd to
notal intericr structire by countersmmk fiuch rivets.
0,106 do~loer 29(b)
13 23015 A0 Camullags 20, 23(b), 19 Singls spar at 0.3c. Skie of 0,047-inch thicimess
pedinted 2h{a) forvard of spar epd 0.015-inch-thick skln behind
Origial, #Ma) spar. Spanwise , |-siiffeners aheed of spar
peinted with 0.052 inch thick, Flush-riretsd.
zine-chiomate
Ta-imat
1 66(213)~(1.25)16 i Glazed 2(v) 26 flema a8 modnl § exvept chordvise efdiffensrs
spaced 6 inches an centers.
15 65(225)-215 97.3 Glazed 28(c), 29(a) 27 Spars at 0,2156 and 0.6150, Skin mpraximtely |
{eyprox. ) 0,070 de-icer 29( 0,062 inch thick. Chordwise hal-ssotion
0.5 de-icer 29(a stiffeners spaced appraximataly & imches ou
ocentors batween spars, .
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Flgure 1.~ CGalculated varlation of section drag coefficient with
positlon of transition on NACA 66(215)-116 eirfoll section.

ey =0.1; R =20 x 106.
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{a) Side bottom view.

Figure 3.~ Model of NACA 66(215)-214 (approx.) practical-construction air-
w Tfoil sectlon with unpainted surfaces. Model 2.
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(b) Front top view.

Figure 3.- Concluded.
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Figure 4.~ Model of NACA 66{216}-116 practical-construciion geirfoll section
with local surface defects glazed. Model 3.
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{a) Upper-surface templet.
= l-o’ cll

Figure 5.- Model of NACA 66(215)-116 {Z _

.practical-construction airfoil section.

006, c1i
Model 4.
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(b) Lower-surface templet.

Figure 5.~ Contlnued.
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(¢) Spanwise varlation in contour.
Figure 5.- Concluded.
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(a) Nose templet, model erect.

| 1.0, 0.2
Figure 6.- Model of NACA 86(215)-116 {Z » oy }

0-6, cli “O-l

practical-construction alrfoll section with surfaces
painted with zinc-chromate primer. Model 5.
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Figure 9.~

Three-guarter front view of ppper surface of NACA 66
alrfoll section in "as-recelved" condition. Model
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Figure 15.- Model of NACA 66,2~115 bractlcal-conatruction airfoil section
with camouflage-painted surfaces. Model 11. (Model 10 has similar
Internal structure.)
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Figure 19.- Model of NACA 23016 practical-construction alrfoil section with
camouflage-palnted surfaces. Model 13.
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(a) FPront top view.

Flgure 26.- Model of NACA 66(216)-(1.25)16 practical-construction airfoil
section. Model 1l4.
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(a) Front top view. ' _ o

Figure 27.- Model of NACA 65(216)~215 {approx.) practical-
construction airfoil section. Madel 15.
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Figure 27.- Concluded.
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